Context. We present the largest catalog of detailed stellar kinematics of the central parts of nearby galaxies, which includes higher moments of the line-of-sight velocity distribution (LOSVD) function represented by the Gauss-Hermite series. The kinematics is measured on a sample of galaxies selected from the Arecibo Legacy Fast ALFA (Alfalfa) survey using spectroscopy from the Sloan Digital Sky Survey (SDSS DR7). Aims. The SDSS DR7 offers measurements of the LOSVD based on the assumption of a pure Gaussian shape of the broadening function caused by the combination of rotational and random motion of the stars in galaxies. We discuss the consequences of this oversimplification since the velocity dispersion, one of the measured quantities, often serves as the proxy to important modeling parameters such as the black-hole mass and the virial mass of galaxies. Methods. The publicly available pPXF code is used to calculate the full kinematical profile for the sample galaxies including higher moments of their LOSVD. Both observed and synthetic stellar libraries were used and the related template mismatch problem is discussed. Results. For the whole sample of 2180 nearby galaxies reflecting morphological distribution characteristic for the local Universe, we successfully recovered stellar kinematics of their central parts, including higher order moments of the LOSVD function, for signal-to-noise above 50. Conclusions. We show the consequences of the oversimplification of the LOSVD function with Gaussian function on the velocity dispersion for the empirical and the synthetic stellar library. For the empirical stellar library, this approximation leads to an increase in the virial mass of 13% on average, while for the synthetic library the effect is weaker, with an increase of 9% on average. Systematic erroneous estimates of the velocity dispersion comes from the use of the synthetic stellar library instead of the empirical one and is much larger than the value imposed by the use of the Gaussian function. Only after a careful analysis of the template mismatch problem does one need to address the issue of the deviation of the LOSVD from the Gaussian function. We also show that the kurtotic parameter describing symmetrical departures from the Gaussian seems to increase along the continuous morphological sequence from late-to early-type galaxies.
Introduction
HI-blind surveys based solely on the presence of neutral hydrogen were used frequently in the past to reveal correlations between various properties of galaxies and also to find fundamental features through principal component analysis (Disney et al. 2008; Toribio et al. 2011) . The HI window is unbiased with respect to galaxy luminosity, selecting all the galaxies with a measurable gas content. Such a sample is required to address important issues in the field of galaxy formation and evolution. To obtain galaxy properties through the wide wavelength range, we cross-matched our sample with the spectroscopy available from the Sloan Digital Sky Survey (SDSS) with available catalogs adding ultraviolet photometry to near-infrared (NIR) and optical photometry, extending the work of Toribio et al. (2011) .
In addition to galaxy properties obtained from the photometry alone, we provide measurements of the kinematical property of galaxies, their velocity dispersion obtained from the spectra. The velocity dispersion is a commonly used proxy for many relevant parameters that cannot be observed directly, such as the The catalog is only available at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/593/A40 virial mass and the black hole mass. It reflects a combination of rotational and random motion of stars in the galaxy. The additional parameter, namely the velocity dispersion, can be used in principal component analysis along with other properties derived from photometry as a characteristic of the central parts of the galaxies, opposite to the maximum rotation velocity available from the HI survey, which is related to the outer parts of the galaxies. They are equally important in addressing the question of galaxy formation regarding relations between different parts of the galaxy.
In this paper, we study the full line-of-sight velocity distribution (LOSVD) of the galaxies' central parts. There are currently two samples of nearby galaxies for which full LOSVD has been determined: ATLAS 3D (Cappellari et al. 2011) 1 and the Hobby-Eberly Telescope Massive Galaxy Survey (HETMGS) by van den Bosch et al. (2015) 2 . However, the two samples are not representative of galaxy morphology: ATLAS 3D samples only early-type galaxies and HETMGS is biased towards galaxies with high central velocity dispersion, which makes them suitable for black hole mass measurements. Our sample, on the other
Data sample
The sample of nearby galaxies used in this work is assembled from the Arecibo Legacy Fast ALFA (Alfalfa), which is an HI-blind survey motivated by the desire to remove selection optical bias. Therefore, we started from the cross-match between Alfalfa and the SDSS DR7 spectroscopic sample , requiring clean optical photometry (from SDSS DR7), including only objects classified as galaxies having reliable redshift measurements. This sample was afterwards combined with the 6th Galaxy Evolution Explorer (hereafter GALEX GR6) 5 through the unique identification key searching for the closest targets. These objects are then positionally cross-matched with 2MASS All-Sky Extended Source Catalog (XSC) within the search radius of 3 arcsec. The final spectroscopic sample used in this paper has UV, optical, and NIR photometry for 2180 galaxies, with information on the gas content coming from the HI as its primary source. There is a question related to the bias concerning a possible lack of early-type galaxies in an HI survey because it is known that they contain less gas than late-type galaxies. The exact answer may be obtained only through a comparison with an unbiased survey, for example in the infrared. Unfortunately, such a survey has not yet been performed. Thus, we relied on the dependence of HI content of early-type galaxies on the environmental density by Serra et al. (2012 Serra et al. ( , 2014 who searched for HI in early-type galaxies inside and outside the Virgo cluster and confirmed earlier results that HI is quite common in early-type galaxies outside the densest environments. Therefore, we do not expect any significant bias towards spiral (as gas rich) galaxies in a blind HI survey. We did a cross-match with GALEX GR6 survey and the fraction of early-type galaxies 3 http://www.strw.leidenuniv.nl/sauron 4 http://sami-survey.org 5 Data used in this work are partly based on observations made with the NASA Galaxy Evolution Explorer. . Distribution of the concentration index C 95 reflecting contribution of early-type (red) and late-type (blue) galaxies using the threshold C 95 = 2.6. One-third of the galaxies in our sample are early-type, based on this criterion alone.
decreased by only 1%, and thus this procedure did not introduce any bias with respect to late-type galaxies. All the necessary details for creating our sample are given in Appendix B.
We have inspected the morphological distribution of our galaxies using the so-called concentration index defined as the ratio of the radii containing 90% and 50% of the Petrosian flux, i.e., C 95 = R 90 /R 50 to separate late-type (C 95 < 2.6) and earlytype (C 95 ≥ 2.6) galaxies (Strateva et al. 2001) . We have 26% early-type galaxies and 74% late-type galaxies divided by the cut-off value of the C 95 = 2.6 (Fig. 1) . This proportion reflects the ratio of early-to late-type galaxies in the local Universe where approximately 1/3 of all the galaxies are supposed to be early-type (Shimasaku et al. 2001 ) and we find it representative in this sense. However, there is a contamination from Sa galaxies to the pure early-type sample (E+S0) and a large uncertainty of ±1.5 class based on the use of concentration index solely (Shimasaku et al. 2001) . Huertas-Company et al. (2011) performed automatic classification of all SDSS DR7 galaxies on smaller redshifts (from the local Universe to the redshift limit of 0.25) with clean photometric and spectroscopic data, dividing them into early-and late-type galaxies, and then subdividing the two groups, resulting in a total of four types: elliptical (E), lenticular (S0), and spiral subtypes (Sab and Scd). According to their classification, where probabilities assigned to each type should be summed to get the probability of belonging either to early-or late-type, we have 13% early-type and 87% late-type galaxies. This should not be taken as some exact distinction between types since probabilities are continuous. Huertas-Company et al. (2011) developed a classification method based on the learning machines (called support vector machines) that make multidimensional hyper-surfaces based on the galaxy parameters, defining regions surrounding canonical galaxy types (elliptical, lenticular, etc.) . Each galaxy has its place in this volume and the distance from all the hyper-surfaces corresponding to the canonical galaxy types. The probability is assigned to each galaxy of being in one of the following morphological classes: E, S0, Sab, Scd. This probability is continuous and the process is completely automatic. The method was compared against several visual classifications of large galaxy samples and was proven to be robust.
We checked our morphological distribution against the Galaxy Zoo 1 data release (Lintott et al. 2008 (Lintott et al. , 2011 . The Galaxy Zoo project is an attempt to use as many volunteers as possible to perform classification of galaxy types "by eye" from the SDSS DR7. They were divided into spirals and ellipticals, with the subdivision of spiral galaxies that takes into account the direction of spiral arm rotation. However, we were only interested in two basic types, ellipticals and spirals, and we found that about 10% of the galaxies are early-type based on the volunteers' classifications, who reached a level of 50% (or more) votes in favor of ellipticals.
We found 782 galaxies in the HyperLeda database. Although this is less than half of our sample, we report the fraction of 13% early-type galaxies based on the numerical code for the revised (de Vaucouleurs) morphological type as defined in the RC3 catalog, where early-type galaxies (both elliptical and lenticular) are designated with −5 to 0.
We believe, following the conclusions based on the concentration index alone, that the sample used in this work reflects the local distribution of different morphological galaxy types. In other words, any other similar sample would be affected in the same manner as ours. In our final sample we have between 10% and 30% early-type galaxies.
The 7th data release of SDSS is used in this paper because it is already cross-matched with the Alfalfa survey. These spectra have a S/N going from as low as 5 up to 80. They cover a wavelength range of 3200−9200 Å, with the spectral resolution full width half maximum (FWHM) ∼3 Å. Each of these spectra contains an error spectrum, i.e., the inverse variance suitable for creating the bad pixel mask, but also for the error propagation.
The galaxies from our sample are chosen from the redshift range 0.003 < z < 0.059. This means that the upper redshift limit used in our paper is smaller than that found in the sample of Huertas-Company et al. (2011; see above) .
Measurements of stellar kinematics
We have measured stellar kinematics trying to recover higher moments of the LOSVD function, taking into account the S/N of the spectra. The deviation from the pure Gaussian function frequently used as a good approximation of the LOSVD function proves to be important, but only if the template mismatch problem is handled properly. Briefly, stellar kinematics was extracted from the galaxy spectrum by finding the best linear combination of the stellar template spectra. Apart from the template amplitudes (i.e., weights), the first four moments of the LOSVD function are calculated: radial velocity 6 , velocity dispersion, and the Gauss-Hermite h 3 and h 4 parameters. We use and compare the empirical and synthetic stellar library.
We anticipate here that we prefer to draw our conclusions based on the results from empirical library rather than a synthetic library because it is more reliable; they agree more closely with the results from the other empirical library used by the SDSS team counting only 32 stars. The conclusion that can be reached is that the number of template stars is less important than the chosen stars themselves. The SDSS includes only M and K giant stars that are known to dominate the central parts of earlytype galaxies, but also the so-called "classical bulges" of spiral galaxies (i.e., bulges following the de Vaucouleurs law). On the other hand, these giant stars cannot accurately describe the central parts of spiral galaxies that are active to some extent (starforming and starburst galaxies, AGN, etc.). Therefore, additional hot stars need to be included. The Elodie library 7 contains about 1000 stars of all spectral types (both hot and cold). The resulting agreement with SDSS results makes it superior to the synthetic library we use in this paper, but also to synthetic libraries used by other researchers, based, for example, on the OSSY and MaxPlank Institute for Astrophysics and Johns Hopkins University (MPA-JHU) databases (see below). We prefer SDSS measurements since they are made using observed stars and the serious problems may arise from the fact that all synthetic libraries we make comparison to yield systematically lower velocity dispersion (see below and Fig. 5 ). The problem does not seem to be in the number of stars they include since the SDSS library has the fewest stars of all and yet it agrees best with our empirical results. The comparison presented in Fig. 5 clearly shows that early-type galaxies (red points) are altered in the same way as other galaxy types. Also, we have carefully examined residuals for both empirical and synthetic libraries and they are quite close in the sense that they both closely resemble the galaxies they describe. The example of the fit performed using the pPXF code for the galaxy Alfalfa 240255 is shown in Fig. 2 for the case of the empirical Elodie stellar library and in Fig. 3 for the case of the synthetic stellar library.
3.1. Gauss-Hermite coefficients Stellar kinematics was extracted from the SDSS DR7 spectra using the publicly available penalized Pixel-Fitting (pPXF) code . Each galaxy spectrum is represented by the linear combination of the stellar spectra broadened by the velocity dispersion reflecting the bulk stellar motion and shifted in the logarithmic space to some radial velocity, which may be recovered through the non-linear leastsquares fitting procedure. Additionally, higher moments of the LOSVD may be included in the form of the Gauss-Hermite polynomials (van der Marel & Franx 1993) using the expression
where w = (v − V)/σ (V being radial velocity and σ velocity dispersion) and h 3 and h 4 are the Gauss-Hermite coefficients characterizing asymmetric and symmetric deviations from the Gaussian function, respectively. Higher Gauss-Hermite moments h n (n > 4) do exist and may be recovered, but we are only interested in the first four moments, given their relation to radial velocity and velocity dispersion through (van der Marel & Franx 1993)
and
where the superscript GH stands for Gauss-Hermite. = 0.0400 and the morphological type is Sab. The best pPXF fit was obtained using the Elodie empirical stellar library, and the quality of the fit isχ 2 = 0.60. The redshift of the galaxy is indicated in the lower right part of the figure, although the spectrum of the galaxy is deredshifted.
We measured stellar kinematics using both synthetic and empirical stellar library in order to address the possible template mismatch problem. We used the synthetic stellar library compiled by Tremonti et al. (2004) from the stellar population models based on the empirical library STELIB 8 (Le Borgne et al. 2003 ). This library is embedded into the gandalf code (Sarzi et al. 2006) to work with SDSS spectra matching their resolution. There are 39 templates in total; the wavelength coverage ranges from 3200 to 9200 Å and the spectral resolution is of FWHM ∼ 3 Å, closely following those of the SDSS spectra. These stars cover a wide range of ages and metallicities spanning from 0.005 Gyr to 10 Gyr and three metallicities (subsolar, solar, and supersolar). We also used the empirical Elodie low resolution stellar library (Prugniel & Soubiran 2001) . It contains 1386 stars covering the wavelength range 3900−6800 Å and substantial space in effective temperature and metallicity (3000 < T eff < 60 000 K and −3.2 < [Fe/H] < 1.4). We note that in this paper we reduced the wavelength range for the synthetic case, i.e., for the sake of comparison of our results based on both libraries, we use the same wavelength range, from 3900 to 6800 Å, in both the empirical and synthetic cases. We found that all empirical spectra have gaps 9 , so we choose to fill these 8 http://webast.ast.obs-mip.fr/stelib 9 The gap is a region of the spectrum with missing values.
gaps by cubic interpolation in all the cases where the gaps were not larger than 100 Å and if not more than 1 pixel is missing at the spectrum ends. This approach is justified by the fact that the pPXF code fits the whole spectrum and not particular stellar features or some part of the spectrum, so covering larger parts with "fake" values by interpolation may affect fitting results. Finally, there were 998 template stars that fulfilled the imposed criteria. introduced the so-called bias parameter to control the true improvement of the fit since increasing the number of fitting parameters will formally reduce the χ 2 value. The bias parameter (λ) is closely related to the deviation of the Gauss-Hermite function from the Gaussian function (D)
Error estimation

Cappellari
where χ series toward the Gaussian function in the case of low S/N spectra. The explanation is simple: for a good fit χ 2 ∼ N, so for a given λ, ∆χ 2 has to decrease by more than Nλ 2 D 2 , implying that the parameters h 3 and h 4 improve the fit significantly. The bias needs to be determined a priori from the Monte Carlo simulations. Simply, one of the stellar template spectra from the stellar library is chosen, degraded to the S/N of the galaxy, and broadened with the input Gauss-Hermite function (V in , σ in , h 3,in , and h 4,in ) to resemble the galaxy spectrum of a particular S/N. The parameters of the broadening function need to be recovered by varying the bias. The adopted bias parameter is the larger value for which h 3 and h 4 moments remain well inside the scatter produced by the simulated values (see Fig. 4 for the empirical stellar template library; a very similar plot made for the synthetic stellar library is omitted for the sake of brevity). It is worth noting again that S/N is varied from the lowest to the highest (5 < S /N < 80) using one of the template stars. In this way, we obtain the empirical solution presented in Table 1 for the synthetic stellar library. For the empirical library, we obtain the following simple linear dependence:
This relation is obtained using Monte Carlo simulation on the single star adding artificial noise to mimic arbitrary S/N. For each S/N from the galaxy sample, all the moments of the LOSVD were recovered using the bias parameter above. For this best bias value, from the scatter around velocity dispersion for the galaxy in question, it is possible to estimate the errors on all the measured parameters (all four moments). Figure 4 shows these Monte Carlo simulations for different S/N and successfully recovered moments for the bias parameter found by varying its value. Each panel represents one moment of the LOSVD function given as the input value, subtracted from the simulated value for the purpose of presentation (which is why they always oscillate around zero).
We also determined the errors associated with each particular velocity dispersion for the chosen star from the Elodie library, as described above for the synthetic stellar template library. The comparison of the dispersion calculated using observed (Elodie) and synthetic stars is given in Fig. 5 .
There is an obvious systematic here: the synthetic stellar library yields lower velocity dispersion regardless of the morphological type. This disagreement is much larger than the correction of the velocity dispersion arising from the oversimplification of the LOSVD function. The errors associated with the measured parameters are estimated from the Monte Carlo simulations shown in Fig. 4 . We imposed the limit of 1 sigma (standard deviation) to discard the outliers, and remaining values were fitted from above (using the most distant points) with the simple linear regression. Afterwards, we made the errors symmetrical by choosing the larger error of the two. We believe that the errors calculated in this way are conservative and reflect the true significance of the parameters they are associated with.
For the synthetic stellar library, the relative errors of both Gauss-Hermite coefficients (h 3 and h 4 ) fall below 100% for S /N > 60, while for the empirical stellar library these errors fall Comparison between the Gaussian velocity dispersion measured using observed stars from the Elodie stellar library (σ obs ) to the synthetic stellar spectra compiled using stellar population models (σ syn ), with morphological types given: ellipticals E (red points), lenticulars S0 (orange triangles), spirals Sab (green crosses), and Scd (blue squares).
below 100% close to the median S/N (S /N > 45). The velocity dispersion relative error of the synthetic library falls below 50% for the S /N > 25, and it falls further below 20% for S /N > 40.
In the case of the empirical library, this error is below 3% for the whole sample, and for the S /N > 35 it is below 1%.
Results
The approximation of the LOSVD function with a Gaussian function is often quite satisfactory, which is why we run the pPXF code twice, fitting the LOSVD with the Gaussian and the Gauss-Hermite functions. We were interested in inspecting the magnitude of the difference caused by this oversimplification. If significant, it may affect many empirical relations associated with the velocity dispersion. In Appendix A, we give the full description of the resulting catalog with the measured kinematics including identification keys matching various imaging surveys, along with the corrected value of the velocity dispersion. For completeness, the obtained results are given for both synthetic and empirical stellar libraries, although in the text below we rely on the dispersion coming from the empirical library (σ obs ). The catalog is available in the electronic form through the CDS.
Analysis of the Gaussian approximation
As stated above, the pPXF code was run twice for each sample galaxy, once with the Gaussian LOSVD and again adding the higher moments of the LOSVD described by the Gauss-Hermite series. It is possible, in principle, to expect these differences to be noticeable in the SDSS galaxy spectra, since they sample the central part of the galaxy and thus show substantial velocity dispersion. Even though our sample of galaxies is dominated with spiral, star forming galaxies, their central parts are often bulges possessing this stochastic velocity component characterized by deviation from the pure Gaussian and quantified by the Gauss-Hermite coefficients. These coefficients can discriminate between different formation scenarios and are thus important for the understanding of galaxy formation and evolution. shown below, the h 4 parameter is useful in determining the type of anisotropy present, either radial or tangential. For example, Thomas et al. (2009) analyzed various oblate axisymmetric dynamical models for the determination of the orbital structure of intermediate mass to massive early-type galaxies in the Coma galaxy cluster and found that various orbital compositions are possible. They concluded that collisionless disk merger remnants are radially anisotropic, but they note that the lack of strong radial anisotropy would lead to the conclusion that early-type galaxies "may not have formed from mergers of discs unless the influence of dissipational processes was significant". For the study of orbits in elliptical galaxies in their outer parts we refer the reader to the numerical simulations of Dekel et al. (2005) who found that in elliptical galaxies radial orbits (h 4 > 0) should dominate. The difference plotted in Fig. 6 may not look significant, but when the ratio of two dispersions, corrected and uncorrected, is plotted (Figs. 7 and 8) using the empirical and synthetic stellar template libraries, respectively, especially taken to the power of two (the ratio of the virial masses) or to the power of four (the ratio of the black hole masses) it becomes obvious that the correction becomes significant. Figures 7 and 8 are made with a subsample of early-type galaxies (E+S0) to illustrate the implications of this correction for the galaxies for which virial mass calculation from velocity dispersion holds and the so-called M-sigma relation is valid.
Since these objects are true early-type galaxies, we can assume that they all have classical bulges and so the M-sigma relation holds (Kormendy & Ho 2013) :
Here, the black hole mass is expressed in units of solar mass. In the seminal work of Ferrarese & Merritt (2000) , β = 4.8 ± 0.5. It is possible to see that the correction of the velocity dispersion taken to the power of four is significant (n = 4 histogram in Figs. 7 and 8 ). Empirical n = 4 n = 2 n = 1 Fig. 7 . Ratio of the corrected and Gaussian velocity dispersion for the sample of early-type galaxies (n = 1 histogram) taken to the power of 2 (n = 2 histogram) and 4 (n = 4 histogram) to emphasize the importance of the correction when velocity dispersion is used as a proxy for either virial or the black hole mass. The empirical stellar template library was used.
(σ corr /σ) Fig. 7 , but using the synthetic stellar template library. We note that different scales were used with respect to Fig. 7 .
Furthermore, following Bertin et al. (2002) the virial theorem for the stationary stellar system may be written as
where Υ is the stellar light-to-mass ratio, R e is the effective radius, and σ 0 is the central velocity dispersion for the aperture radius of R e /8; K V is the virial coefficient given by Cappellari et al. (2006) for a sample of early-type galaxies at the redshift z ≈ 0 to be K V ∝ 5.0 ± 0.1. From this equation, the total dynamical mass is
where σ e is velocity dispersion measured within one effective radius. Thus, the inaccurate estimate of the central velocity dispersion inevitably leads to an inaccurate estimate of the dynamical mass. The important point is the proportionality of this mass to the square of the central velocity dispersion (histogram labeled n = 2 in Figs. 7 and 8 made for empirical and synthetic libraries, respectively). The mass calculated using the second or the fourth power of the velocity dispersion, approximating LOSVD with the Gaussian function in most of the cases for the objects in our sample is underestimated. The mass calculated using the second or the fourth power of the corrected velocity dispersion is larger on average than the value obtained from the dispersion inferred from the Gaussian approximation. This can be seen from the asymmetry to the right (in the direction of decreasing σ corr /σ ratio, above 1), implying that more galaxies tend to be more massive than the oversimplification of their LOSVD function implies (see Fig. 7 ). On average, the mass of early-type galaxies increases by 13% in the empirical case when the velocity dispersion is corrected according to Eq. (3). For the synthetic case, we have the same effect, only a bit smaller since the mass increases on average by 9% (see Fig. 8 ).
When the stellar library with minimal template mismatch is chosen, further corrections owing to the simplification caused by the Gaussian function have significance. However, the most important point for the reliable kinematics extraction is the minimization of the template mismatch, as can be seen in Fig. 5 : we compare the dispersion measured using synthetic spectra (σ syn ) with those obtained relaying on the empirical Elodie stellar library (σ obs ). As given above, the discrepancy is systematic, underestimating velocity dispersion by ∼20% above the instrumental resolution of 70 km s −1 .
Comparison to other works
The comparison with the published velocity dispersion represented by the pure Gaussian function is shown in Figs. 9 and 10. The available measurements include the SDSS DR7 pipeline outputs and the MPA-JHU catalog. The latest database including absorption-line indices together with the velocity dispersions of the galaxies is the OSSY database 10 . The overall agreement (Fig. 10) with the existing measurements is good. The observed discrepancies may exist because different stellar libraries were used by different groups, but also because of problems arising from the presence of nebular emission lines in spiral galaxies. In the low-velocity dispersion end, many SDSS DR7 measurements are missing (Figs. 9 and 10, top) . The reason lies in the fact that the velocity dispersion was measured only in early-type galaxies and those galaxies whose bulges resemble early-type galaxies (the classical bulges), since stellar templates were carefully chosen to describe early morphologies (32 K and G giant stars in M67). The MPA-JHU group used the MILES empirical spectral library (Sanchez-Blazquez et al. 2006) as the basis for models generated using the population synthesis code of Bruzual & Charlot (2003) . The OSSY kinematical measurements combined specially constructed spectra using the STELIB library with Bruzual & Charlot (2003) stellar population model spectra and in addition a set of stellar spectra based on the empirical MILES stellar library, combining both synthetic and empirical templates.
The agreement between the measurements obtained using empirical and synthetic stellar library is as expected: our empirical results closely follow empirical SDSS results, while our synthetic results agree better with the synthetic results from MPA-JHU and OSSY catalogs. We are raising concern about 10 http://gem.yonsei.ac.kr/~ksoh/wordpress/ the use of the synthetic stellar libraries, even though they are based on the observed stars. As already stated above, stellar template stars were carefully chosen by the SDSS to describe early morphologies, so all stellar libraries (both synthetic and empirical) should provide good agreement at least with these types of galaxies. However, all synthetic libraries (including the one used in this paper) yield systematically lower velocity dispersions all along the morphology sequence, including early-type galaxies.
Gauss-Hermite moments of galaxies of different morphological types
Of particular interest to us is the Gauss-Hermite h 4 parameter which describes the stellar orbits in nearby galaxies: h 4 < 0 means that tangential orbits dominate and h 4 > 0 means that radial orbits dominate. In Table 2 Empirical Fig. 11 . Gauss-Hermite coefficients binned according to their morphological type expressed in the continuous probability of belonging to early-type galaxies (0 ≤ pE+S0 ≤ 1): h 3 (red open circles) and h 4 (blue filled squares). The vertical dashed line (pE+S0 = 0.5) is the cut-off value dividing late-type (pE+S0 < 0.5) and early-type galaxies (pE+S0 ≥ 0.5). The plot is made using the empirical stellar template spectra.
present our results made with the empirical and synthetic stellar template libraries, respectively, related to the estimates of the h 3 and h 4 parameters for all the galaxies in our sample. From Fig. 11 and the upper part of Table 2 , it is clear that while the h 3 parameter is approximately constant over various morphological types, the behavior of the h 4 parameter is more interesting: both for early-type (pE + pS0 ≥ 0.5) and late-type (pE + pS0 < 0.5) galaxies there is a hint that the h 4 parameter increases as the probability pE+pS0 increases, i.e., the value of h 4 increases going from late-to early-type galaxies. The corresponding graph for the spiral galaxies -where the probability of the galaxy being spiral on the x-axis is expressed through pS probability (pS = pSab + pScd) -is omitted since the relation pE + pS0 = 1 − (pSab + pScd) holds, and so it is an inverse of Fig. 11 .
The consequences of using the results obtained for the empirical and synthetic cases is serious: with the empirical library we obtain a positive value of h 4 in all cases (see Table 2 , top, and Fig. 11) , while for the case of the synthetic library we obtain h 4 < 0 for some late-type galaxies and h 4 > 0 for early-type galaxies (see Table 2 , bottom, and Fig. 12) . It is interesting, however, that the trend in both cases shows an increase in h 4 from the smallest to the highest values of pE + pS0.
We note that the plot similar to Fig. 11 made with the synthetic stellar library presented in Fig. 12 shows identical trends for both Gauss-Hermite coefficients, with the difference that the h 4 parameter remains negative for some late-type galaxies, as given above.
Statistical tests
Since we are more interested in the h 4 parameter, we performed full statistical analysis investigating the relation between the h 4 parameter and the morphological galaxy types. We start with the A40, page 9 of 15 Fig. 11 , but using the synthetic stellar template library. We note the different scale on the y-axis with respect to Fig. 11 . Notes. The "type" in the first column is the joint probability that a galaxy is elliptical and lenticular (pE + pS0) (i.e., that the galaxy is an early-type object); the cut-off value is early-type = pE + pS0 ≥ 0.5. The total number of galaxies in the table is 2169 for the sample based on the empirical library and 2055 for the sample based on the synthetic library because the galaxies for which both h 3 and h 4 parameters could not be determined accurately were not included.
available data on four different galaxy types: E, S0, Sab, and Scd. Then we grouped these four types into early-(E+S0) and late-(Sab + Scd) type classes and explored all the groups using several statistical tests. We started with two main subsamples of early-and late-type galaxies. The division between types is based on the normalized probabilities with the cut-off value of 0.5 and is not exact, as given in the paper of Huertas-Company et al. (2011) who claim that "a galaxy that is 95% Sd and 0.5% E will still contribute to the mass function of elliptical galaxies with a weight of 0.005". For example, in this particular case, we considered this galaxy to be a pure spiral galaxy in this paper. The authors make a subdivision between early-and late-type galaxies using the same method, thus giving probabilities of having a E, S0, Sab, or Scd galaxy. Therefore, we performed additional statistical analyses using all of these subgroups. The kernel density plots in Figs. 13 and 14 (obtained using package sm 11 available in the R programming language) show the following differences in the distributions of various types. In Table 4 , we list the first four moments, for both libraries used, according to the standard formulas 12 , where the weights are inversely proportional to the errors squared, reflecting different S/N of our spectra and the s 3 and s 4 parameters denote skewness and kurtosis, respectively. For the empirical stellar library we find that (i) all galactic types show a peak that is on the positive side, which implies the dominance of radial orbits; (ii) the s 4 of all morphological types is positive, which implies peaked distributions in all the cases; and (iii) the tails of the distributions for all morphological types described with the s 3 parameter show that the skewness of the h 4 parameter decreases, but not significantly, going from Scd to E types (visible in Fig. 13) . The E and Sab galaxies in the case of the empirical libraries show the highest value of kurtosis, s 4 > 7.00. The plot similar to Fig. 13 made with the synthetic stellar templates (presented in Fig. 14) shows the similar behavior, but only earlytype galaxies -ellipticals ("E") and lenticulars ("S0") -show a positive mean value of the h 4 parameter (s 1 (h 4 ) > 0), while for other morphological types the mean value of the h 4 parameter is negative (s 1 (h 4 ) < 0) and Sab galaxies show the highest value of kurtosis (s 4 = 5.164). Fig. 13 , but using the synthetic stellar template library. We note that different scales were used with respect to Fig. 13 .
Owing to the boundaries imposed by the pPXF code regarding the extreme values of the Gauss-Hermite coefficients, we decided to disregard galaxies with these extreme measurements from the further analysis. This slightly downsizes our sample: we are thus left with 2171 galaxies out of a total of 2180 with calculated morphology from Huertas et al. and if we exclude those galaxies having these extremes for either h 3 or h 4 Gauss-Hermite coefficients, we downsize our initial sample to 2169 galaxies (a reduction of 0.5%) in the empirical case and to 2055 galaxies (a reduction of 5.7%) in the synthetic case.
To inspect whether different morphological galaxy types come from the same distribution, we applied three statistical tests to the Gauss-Hermite h 4 parameter: the Anderson-Darling (hereafter AD) two-sample test, the Kolmogorov-Smirnov (hereafter KS) test, and the Cramer-von Mises (hereafter CvM) test. The AD test 13 (Scholz & Stephens 1987; Darling 1957; Anderson & Darling 1952 ) is a non-parametric test that can be applied to any distribution and its main advantage over the more frequently used KS test (Hoel 1971 ) is its higher sensitivity to the differences presented in the tails of the distributions compared. Also, according to the test performed in Engmann & Darling (2011) who compared the AD test with the KS test, the former also requires smaller sample sizes achieving the same prediction power as the latter, concluding that "the AD test is more powerful than the KS test in detecting any kind of difference between samples from two different distributions". The third frequently used test (also nonparametric and distribution-free) is the CvM test (Anderson 1962) 14 , but it gives less weight to the tails of the distribution (Farrell & Rogers-Stewart 2006) . Nevertheless, this test was also carried out and is in good agreement with the other two tests.
All these tests compare the so-called critical value (theoretical) calculated under the null hypothesis that two samples are taken from the same underlying distribution with the observed one, given some pre-chosen probability (the significance level at which the null hypothesis is rejected). They all compare empirical distributions, only using different criteria. A posterior Notes. The tests were performed for the case when the empirical template library (top) and synthetic library (bottom) were used. The listed parameters in the second and the third columns are the critical ("crit.") or tabulated values of the test and the observed ("obs.") values. The number of galaxies of this particular type used for testing is given in brackets next to the galaxy type .
probability (p-value) is also calculated. The observed value ("obs." in Table 3 ) in the KS test is the maximum difference between the cumulative distributions of the two samples compared. The test also calculates a p-value from this difference accounting for the sample size in the two groups. For all the tests, the significance level is α = 0.05. For both cases (when both empirical and synthetic libraries were used), we performed the three above-mentioned statistical tests to establish whether h 4 distributions for various Hubble types (early vs. late, E vs. S0, and Sab vs. Scd) were sampled from populations with identical distributions. If so, we can conclude that compared galaxy types are formed in a similar fashion. In both the empirical and synthetic cases, the tests agree in rejecting this null hypothesis for galaxies in two groups (early vs. late-type galaxies and Sab vs. Scd galaxies) and we conclude that they come from different distributions. For the case of ellipticals vs. lenticulars (E vs. S0) galaxies, we have a hint that they come from the same distribution because the observed values are smaller than the critical values and thus they may share a similar formation scenario. Notes. The number of object per type is given in the last column, "N".
Conclusions
We assembled a sample of 2180 galaxies of all morphological types that reflects the morphological distribution of galaxies in the local Universe, containing about 1/3 early-type and 2/3 late-type galaxies, based on the concentration index alone. However, the proportion of early-type galaxies goes down to approximately 13% if a rough division is made on the basis of probabilities assigned through automatic classification of SDSS galaxies. The sample presented in this paper will be used for future studies of nearby galaxies. In this paper we restricted ourselves to the study of the kinematics of the nearby galaxies investigating their full LOSVD based on the spectra coming from the SDSS database (SDSS DR7). Our main conclusions can be summarized as follows.
1. We confirmed that it is possible to recover the full LOSVD of nearby galaxies for which the available spectra have S /N > 50. 2. We calculated the full LOSVD for the total of 2180 sample galaxies, which includes velocity dispersion, and the Gauss-Hermite parameters h 3 and h 4 , describing asymmetric and symmetric departures from the Gaussian function, respectively. Corrections of the velocity dispersion associated with the h 4 parameter are meaningful and should be applied whenever spectra reach S /N ∼ 50. We used two different stellar libraries to recover the LOSVD function of galaxies: a synthetic stellar library based on the empirical libraries STELIB and an empirical stellar library based on the Elodie low resolution spectra. We showed that the use of a purely Gaussian function leads in the majority of cases in our sample to erroneous estimates of important dynamical quantities, i.e., to an incorrect estimate of the black hole or virial mass inferred from the velocity dispersion for the empirical stellar library used. In this case, corrected virial mass increases by 13% on average. For the synthetic case, the mass also increases on average, but to a lower extent (9%). However, more important than the non-Gaussian correction is the template mismatch problem. The synthetic stellar library yields systematically underestimated velocity dispersion with respect to the empirical stellar library by approximately 20%. 3. We analyzed the behavior of the h 3 and h 4 parameters for the galaxies in our sample and find that while the h 3 parameter is approximately constant over all morphological types, for the h 4 parameter we have a hint of an increase from late-to early-type galaxies and this is valid for both libraries used. 4. We performed three statistical tests on the h 4 distribution comparing various morphological types and find that the distribution of early-type vs. late-type and Sab vs. Scd galaxies agree in rejecting the null hypothesis of the same distribution. On the other hand, for ellipticals when confronted with lenticulars (E vs. S0), we have a hint that they come from the same distribution, using both empirical and synthetic libraries, meaning that they share the similar formation scenario. This may lead to an interesting constraint important for models of galaxy evolution. 5. Using the empirical and synthetic stellar libraries leads to the conclusion that with the empirical library we obtain a positive value of h 4 in all the cases, while for the synthetic library this is not the case for all galaxy types, but holds for early-type galaxies. In both cases, there is a trend of the increase in h 4 from late-to early-type galaxies. Various statistical tests allow the common intrinsic distribution for elliptical and lenticular galaxies, using the empirical and the synthetic stellar libraries. 6. Several observational projects have successfully measured full LOSVDs of early-type galaxies out to large radii, for example, the studies of the Atlas3D project (Cappellari et al. 2011) , the HETMGS project (van den Bosch et al. 2015) , the CALIFA project 15 (Sánchez et al. 2012) , the VENGA project 16 (Blanc et al. 2013) , and the MASSIVE project (Ma et al. 2014) . New, recently initiated large observational projects have already made their first data releases publicly available (e.g., SAMI 17 ; Fogarty et al. 2015) or will start producing and releasing new data very soon (e.g., MaNGA 18 ; Bundy et al. 2015) thus providing large databases of internal kinematic structures of nearby galaxies. The studies based on these surveys will provide the full LOSVD out to more distant galactocentric radii for larger samples of galaxies and will bring the possibility for much more detailed studies of nearby galaxies of all morphological types. and the Higher Education Funding Council for England. The SDSS website is http://www.sdss.org. GALEX is operated for NASA by the California Institute of Technology under NASA contract NAS5-98034. We acknowledge the use of the HyperLeda database (http://leda.univ-lyon1.fr). The authors express their gratitude to the referee for the detailed report and numerous useful suggestions and corrections that significantly improved the quality of the manuscript.
All-Sky Extended Source Catalog (XSC), with a suggested filter: cc_flg != 'a' AND cc_flg != 'z' AND j_flg_k20fe = 0 AND h_flg_k20fe = 0 AND k_flg_k20fe = 0 Applying this filter results in a sample of 2180 galaxies, the final sample used in this paper.
